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Introduction
In order to extract as much information as possible from a complex fecal sample, optimization and 37 standardization of an analytical methodology are essential. Although several studies have been 38 reported on fecal metabolomics, 12, [14] [15] [16] few studies have focused on optimizing the NMR 39 methodology for fecal extracts and detailed spectral assignments have rarely been reported. 17-19 40 Two of the most important factors to consider in the optimization of an extraction method are (i) the Freeze thaw and sonication treatment 99 To compare the effect of sample pretreatment on the fecal NMR profile; we extracted feces 100 simultaneously with/without freeze-thaw and sonication treatment. During freeze thaw whirl-mixed 101 samples were frozen to −18 °C for 10 minutes and immediately thawed at 4 °C for 10 min in 102 Eppendorf tubes (Eppendorf 5471, USA). This treatment was replicated for 3 cycles. Sonication 103 was conducted between each freeze thaw cycle (Branson 5210, USA). The samples were placed in 104 Eppendorf tubes and sonicated for three consecutive cycles of 2 min on and off between each freeze 105 thaw cycle. 106 pH measurement 107 The pH values of the fecal extracts diluted to 1:2, 1:5, and 1:10 (w/v) in 0.75 M phosphate buffered 108 saline (PBS, pH 7.4) were measured at room temperature (22 °C) before NMR analysis, using pH 109 electrodes for NMR sample tubes (IKATRON®, Germany). Fecal water samples extracted in PBS were thawed and centrifuged at 10,000 g for 15 minutes at 112 4°C (Eppendorf 5471, USA). A volume of 500 µL of clear supernatant was transferred to a 5 mm 113 NMR tube, and 100 µL of deuterium oxide (D 2 O) containing 0.025 mg/mL of 3-(Trimethylsilyl) 114 propionic acid-d4 sodium salt (TSP) was added as a lock solvent. One-dimensional NMR 115 experiments were carried out using a Bruker Avance III 600 MHz spectrometer (Bruker, 116 Rheinstetten, Germany) equipped with a 5 mm triple resonance (TXI) probe at 298 K. A standard 117 Bruker noesypr1d (90°-t 1 -90°-d mix -90°-FID) sequence was used to suppress signals from water 118 molecules, where t 1 is a 4 µs delay time and d mix is the mixing time. Acquisition parameters for the 119 spectra were 64 scans, a spectral width of 7288 Hz collected into 32K data points, an acquisition 120 time of 2.24 s and an inter-scan relaxation delay of 5 s. The Free Induction Decay (FID) obtained was multiplied by 0.3 Hz of exponential line broadening before Fourier transformation. The spectra 122 were referenced to TSP (chemical shift 0 ppm), phased, and baseline corrected in Topspin 3.0 123 software (Bruker, Rheinstetten, Germany). SNR was measured using the built-in graphical interface 124 in Topspin 3.0, where alanine (1.47 ppm) was considered to be the signal, and spectra at lower 125 frequency than 0 ppm were considered to represent the noise region. Relative quantification of 126 selected 1 H resonance was performed by integration of peak areas using Topspin 3.0 (Bruker).
127
Assignments of 1 H NMR signals were carried out using Chenomx NMR Suite 7.7 (Chenomx, 128 Canada) according to the Human Metabolome Database, 25 and literature. 14, 18, 26 In addition, 
Multivariate Data analysis
misalignments of the spectra were corrected using the icoshift algorithm, based on the correlational 146 shifting of spectral intervals. 27 The spectrum with the highest correlation to the rest of the spectra in 147 the matrix was used as a reference. The 9.5 to 12 ppm and 0.5 to -1.2 ppm regions and the region 148 containing residual water resonance (4.8. to 4.7 ppm) were removed from the aligned spectra. The 149 spectra were normalized to unit area and pareto-scaled before principal component analysis (PCA) 150 using the PLS Toolbox (Eigenvector Research, USA) in MATLAB20010b. 153 The 1 H NMR spectra obtained from fresh fecal samples revealed the presence of a wide range of 154 metabolites. Figure 1 shows a representative spectrum of a fecal sample extracted in PBS buffer.
Results and discussion

155
The obtained 1 H NMR spectra contained resonances from short chain fatty acids (predominantly 156 acetate, propionate, and butyrate), branched-chain fatty acids (iso-valerate, iso-butyrate), biogenic solvent.
However, the lipid-containing organic (chloroform) phase in the methanol/chloroform/water provides complementary information about the non-polar metabolites in reveal mechanistic interplay between the gut microbiota and lipid metabolism. can likely be ascribed to saturation of metabolites during extraction. In addition to signal intensity 208 of metabolites in the NMR spectrum, the recovery of a metabolite during extraction is essential.
209
Consequently, in order to measure recovery, feces were spiked with maleic acid, dimethyl sulfone, 210 and succinic acid. The results showed that the recovery yield of these standards is minor influenced 211 by dilution factor (Table 2) . Nevertheless, the overall results implicate that the Wf: Vb affects the Fecal-based metabolomics is a rapidly emerging discipline. An optimized sample preparation is 288 crucial for metabolomics studies, and here we suggest buffer extraction might be the most suitable 289 approach to extract metabolic information in the feces. The study demonstrates that a Wf:Vb ratio 290 of 1:2 might be optimal quality for 1 H NMR spectroscopic data for metabolomics data of human 291 feces, while the effects of sonication and freeze-thaw were less pronounced of the condition tested.
More than 60 metabolites have been assigned from the 1 H NMR spectra obtained, and to our 293 knowledge, some of the metabolites are reported here for the very first time using NMR spectra 294 acquired on fecal extracts. Supplementary method section on metabolite extraction methods and Figure S1 to S11. This 
